Introduction: The diagnosis of the arterial pulse is important in traditional Chinese medicine. The signals of this technique are evaluated by doctors with long-term experience.
INTRODUCTION
The Introduction section should include the background four diagnostic methods are used in traditional Chinese medicine (TCM): inspection, listening, inquiring and pulse diagnosis. The information obtained by these methods is then used by doctors to determine and treat the condition. The pulse diagnostic method could yield much tionship between the pulse force and time is called the pressure wave diagram or the time domain method [3] .
A powerful tool in signal treatment was introduced to process pulse wave signals [4, 5] . These signals were processed with the Fourier transformation. The pulse wave is expressed as the sum of a series of amplitudes and frequencies. The diagram to express the relationship between amplitudes and frequencies is called the spectrum analysis of signals [6] .
A typical pulse wave diagram for a healthy subject is in Fig. (1) . The first peak of the pulse wave is called the Percussive wave (P wave). The P wave is created by the blood moving from the left ventricle into the aorta. The height of the P wave is denoted as h 1 . The ejection time of the left ventricle is t 1 . The value of h 1 is used as an index of heart ejection ability [3] .
The second wave, the Tidal wave (T wave), is found when the blood hits the artery wall and rebounds. The height of the T wave, h 3 , indicates the elasticity of the arterial system. In some cases, the T wave is merged with the P wave. The lowest po-sition between the T wave and the next Peak (D wave) is called as V 3 . The height of V 3 is h 4 . The h 4 value represents the peripheral resistance of vessels. As the aortic valve is closed, the dicrotic wave (D wave) is generated. The height of the D wave is denoted as h 5 . The h 5 value expressed the stiffness of the aorta.
The width of the P wave at the two-thirds the height of h 1 is denoted as the interwave w. The w value is equal for the time of maintaining maximum pressure. The l value is the width of the dicrotic wave from the maximum position to the end of the pulse motion. The t value is the total pulse duration.
Tyan et al. [7] investigated the signals of the radial artery pulse for patients with Systemic Lupus Erythematosus (SLE). The area of pressure wave, ratio of w to t, and ratio of h 4 to h 1, were compared between patients and controls with no significant differences between the patients and controls. Chang [8] compared the w/t value for patients with congestive heart failure and controls and found significant difference in three detecting positions. Feng [9] compared five variables, h 1 , t, h 3 /h 1 , h 4 /h 1 , and w/l, among the subjects with dif- Fig. (1) . A typical radial pressure pulse waveform measured in this study. ferent diseases and controls but found inconsistent results.
Lee and Wei [4] calculated the pulse spectral graphs for the pulse wave and defined the energy ratio (ER) for the energy of spectral density. The ER value was > 100 at three positions of both bands for healthy persons and < 100 for people with disease. So the ER value can be an index for some organs with disease in humans. Wei and Chow [10] evaluated the spectral energy ratio (SER) values for three frequencies and suggested that SER(10) -the spectral energy density 10 Hz, could be an index of the state of health.
Recently, sphygmography research has received much attention. Huang et al. [11] analyzed the arterial pulse in the spectral domain and defined the spectral harmonic energy ratio (SHER) to evaluate the decreased spectral energy for patients with palpitation. The radial pressure pulse and heart variability has been studied in subjects under the heat and cold stressed [12] . The spectral energy for different ranges of frequency was affected by environmental stress. The researchers also studied the possibility to detect the dyspepsia and rhinitis by Sphygmography [13] . Jeon and coworkers [14] proposed a novel diagnostic algorithm for classifying the floating and Sunken pulse. Huang et al. [15] evaluated the effect of acupuncture on the pulse spectrum of the radial pressure pulse for patients with dyspepsia and found that acupuncture influenced the spectral energy density from 10 to 50 Hz. From the above studies, sphygmography has been used as a clinical tool. However, practitioners of Western medicine doubt that the possibility pulse can be detected by fingertips placed on the wrist. Questions involve the pulse variations with measurement on different days and at different times of the same day. What are the variations of the pulse signal among different subjects in a healthy state? What kinds of factors of humans, for example, age or occupation could affect the pulse diagnostics? What are the significant difference of the signal between the healthy and patients?
In this study, we aimed to evaluate performance of the Sphygmography by analyzing of two types of signals: pulse wave and spectrum frequency. Variables were taken from healthy people and patients of hepatitis with B carriers in Taiwan. Variables from both subjects were further analyzed to evaluate factors affecting these variables. Patients of hepatitis with B carriers were selected to evaluate the utilization of sphygmography.
MATERIALS AND METHOD

Subjects
The experiment involved two groups of healthy subjects. The first groups (n = 12) was undergraduate and graduate students (6 male; mean age 24 ± 3.6 yr, range 20 to 30 yr). All subjects were not receiving medical treatment.
The second groups (n = 6) were patients of hepatitis with B carriers (4 male; mean age 40.2 ± 6.8 yr). Their liver panel of GOT was ranged from 105 to 240 units.
The measurement of the pulse wave was a noinjuring, noninvasive procedure without harmful effect.
Sphygmography
The Huang-CWl type sphygmography was used to detect the pulse wave of the radial artery at the wrist (Fig. 2) . This device contained a strain-gage pressure transducer, X-Y-Z axial moveable framework, amplifier, signal recording card and A/D conditioner.
The pressure signals were processed by a digital signal conditioner. The pulse versus time plot called pulse wave diagram could be created directly. This signal was transformed by Fast Fourier Transform (FFT). The amplitude versus frequency data were recorded and called the spectrum frequency diagram. The power spectra energy, SER(f) was defined as follows [10] :
where E 1 (f) is the integrated spectral energy below frequency f, and E 2 (f) is the integrated spectral energy above frequency f.
The electrical pulse signal was digitized with the FFT to obtain the spectral energy density of 0-10 Hz, 10-50 Hz and 13-50 Hz. The sample rate was 4,000 Hz.
Detection Procedure
The six detecting positions for Sphygmography were the Chun, Guan and Chy positions for the left and right hand ( Fig. 3 ). All subjects were asked to have no alcoholic or caffeinated beverages during the experimental day. Each test involved a 20 min rest before the initial pulse examination. Examinations involved five replicates with each subject in the sitting position while the radial artery pulse was recorded with the pressure sensor of the analyzer. Suitable pressure was considered with the greatest pulse amplitude. A typical pulse wave is shown in Fig. (4) . The related spectrum analysis diagram is in Fig. (5) .
Variables of Pulse Wave and Spectrum Analysis Diagram
The detection times were the morning (9:00), afternoon (15:00) and night (20:00).
The detection positions were denoted RI (right Chun), RB (right Guan), RC (right Chy), LI (left Chun), LB (left Guan), and LC (left Chy).
The variables for the pulse wave diagram were h 1, h 4 , t, t 1 , and w and for the spectrum analysis diagram were the spectral energy ratio (SER), the spectrum energy between 10-50 Hz, denoted as P 10-50 and the spectrum energy between 13-50 Hz, denoted as P 13 -50 .
EXPERIMENTAL
In the first experiment, we examined the effect of detection time (morning, afternoon and evening) and position (RI, RB, RC, LI, LB, and LC) with students.
In the second experiment, we examined the effect of the detection time and day (the interval was 2 days) for four weeks. Subjects were randomly selected from students. That is, the experiment was performed at even number day of that month.
The third experiment, we exampled the effect of hepatitis with B carriers on the signals of spectrum frequency diagram.
The observed variables for the pulse wave diagram were h 1 , h 4 , t, t 1 , and w. Three explicative were taken from each pulse wave pattern. The SER, spectrum energy 10-50 Hz and spectrum energy 13-50 Hz were taken from the spectrum frequency diagram. Each spectrum frequency only had one data.
Two-way analysis of variance (ANOVA) was used for comparison with Tukey's post-hoc test. Statistical analysis involved use of Sigmaplot 12.3 (Sigma SPSS Inc. Chicago, IL, USA). p < 0.05 was considered statistically significant.
RESULTS AND DISCUSSIONS
Effect of Detecting Time and Position
The statistical data for the time-domain and spectral energy at six diagnostic positions measured in students in the morning, afternoon and night are in Table 1 . . (6) . Effect of detection position on the h 1 variable in students for the first experiment. Box plots are median, with 25 and 75% limits and whiskers as range.
Pulse Wave Variables
h 1 Variable
The effect of the detecting time and positions on the h 1 variables is shown in Figs. (6 and 7) . h 1 was affected by detection time (F(2, 846) = 6.303, p = 0.002) and position (F(5, 846) = 53.3, p < 0.001), with no significant interaction of detection time and position (F(10,846) = 1.926, P = 0.385). 
h 4 Variable
t Variable
t was affected by positions F(5, 846) = 5.860, p < 0.001) and time (F (2, 846) = 6.584, p = 0.0015). No significant effect was found for the interaction (F(10, 846) = 2.311, p = 0.112).
t 1 Variable
The detection position had a significant effect on the t 1 variable (F(5, 846) = 16.50, p < 0.0001) as did the position and time interaction (F(10, 846) = 3.949, p < 0.001), but not time (F (2,846) = 0.401, p = 0.670).
w Variable
w was affected by detection time (F(2, 846) = 19.58, p < 0.001), but not position (F (2,846) = 2.159, p = 0.056) and the position and time interaction (F(10, 846) = 0.940, p = 0.49).
Thus, the effect of detection time and position on pulse wave variables was inconsistent. No regular rules or relationship could be established.
Spectrum Analysis Variables
Spectral Energy Ratio, SER
SER was not affected by detection position (F(5, 270) = 0.881, p = 0.492), or time (F(2, 270) = 0.240, p = 0.787) or the interaction (F(10, 270) = 0.826, p = 0.604).
Spectrum Power between 10 and 50 Hz, P 10-50
P 10-50 was affected by detection position (F(5, 270) = 10.22, p < 0.0001), but not time (F(2, 270) = 0.489, p = 0.614) and the interaction (F(10, 270) = 1.483, p = 0.1466). Subsequent post-hoc comparison by Tukey's test revealed that the variable at the LB position significantly differed from that at other positions.
Spectrum Power between 13 and 50 Hz, P 13-50
As for P 10-50 , P 13-50 was affected by detection position (F(5, 270) = 9.261, p < 0.0001) but not detection time (F(2, 270) = 0.240, p = 0.787) and no interaction (F(10, 270) = 0.826, p = 0.604). P 13-50 at the LB position differed from that at other positions. . (7) . Effect of detection time on the h 1 variable in students for the first experiment. The results of the above comparison indicated consistent results. The detection time did not affect spectrum energy P 10-50 or P . Their values at the LB position were significantly higher than those at other positions.
Effect of Detection Time and Day
The statistical data of pressure wave and spectral energy at six diagnostic positions by time and day in the second experiment are in Table 2 . The statistical results of five variables from the pulse wave analysis and three variables from the spectrum analysis are in Table 3 .
Form Table 3 , the effect of detection time and day from pulse wave variables was inconsistent. No regular rules or relationship could be found. The statistical results of three variables from the spectrum analysis were similar. No significant difference could be found for students detected at different times or days. This result confirmed that the spectrum analysis could be used to indicate the healthy state.
Effect of Hepatitis
The spectra of sphygmogram at six diagnostic positions for six patients of hepatitis with B carriers are in Fig. (8) . Results of three subjects were presented. The significant discrepancy of signals at right Guan position was found for six samples. These results were consistent. Because of the limi-tation of the number of samples, the t-test was performed only. By t-test, the spectrum energy P or P 13-50 at right Guan position were significant difference between the health people and patients of hepatitis with B carriers. The significant discrepancy of signals indicated the possible to detect the hepatitis with B carriers.
Comparing with results of healthy persons, the results for detection of patients strongly suggested that the spectrum of sphygmogram could be applied for detection of hepatitis with B carriers. Because only six samples were measured in this study, more experiments need to be performed in further study.
From the above discussion, detection time, positions and different groups had a significant effect on pulse wave variables. These variables had been used to evaluate their ability as the index of health state [7] [8] [9] 16 ]. However, the conditions of the detection time and positions did not be mention in their research, which may be a source of variation in these researches.
For spectrum analysis, SER value has been used to indicate the health state [4, 6, 10] . We found that SER value was not affected by detection time or position, which is reasonable in term of physiology.
Detection time did not affect spectrum energy between 10 to 50 Hz or 13 to 50 Hz and spectral energy density. The left Guan (LB) position had a significant effect among the six positions. The results might be explained in terms of cardiovascular physiology. The vascular smooth muscles are innervated by nerve fibers and could be exposed to recurrent oscillation stimuli. The most sympathetic nerves are discharged between 2 and 6 Hz. Under the stress, the discharged energy increase to 50 Hz [17] . The left Guan (LB) position is related with the stress in humans and influences the state of the liver [1] . So the left Guan (LB) is the position for diagnosing stress. Students are under high objective and subjective stress than is the general population in Taiwan, therefore, the LB pulse may be affected. P 10-50 and P are appropriate for evaluating the health of humans. Our results are similar to the previous finding [4, 6, 10, 16] . The spectrum of sphygmography was useful for detection of dys-pepsia and rhinitis [11] . In our study, the spectrum of sphygmography at right Guan position had the significant discrepancy to other five positions for the patients of hepatitis with B carriers. The result proved that the sphygmogram could be a useful tool for detection of disease.
In this study, a sphygmography was used to record the variation in the arterial pulse expressed pressure wave and spectrum frequency signals. The signals were measured at three positions in the left and right hands in students and a sample of the general population in Taiwan. Five variables taken from the pressure wave signals and three variables taken from the spectrum analysis were used and then were evaluated by ANOVA and the Tukey's test. Some variables from the pressure wave signals were affected by subject, time of measurement and positions. However, these results were consistent. Detecting time and day did not have Fig. (8) . The spectra of sphygmogram at six diagnostic positions for six patients of hepatitis with B carriers. significant effect on the spectrum variables for subjects in healthy state. Spectrum energy variables were only affected significantly at left Guan position. Our results are consistent with the traditional Chinese medicine information.
In cardiovascular physiology, vascular tone is regulated by both intrinsic and extrinsic factors. Intrinsic factors include myogenic responses, paracrine secretions such as nitric oxide, and physical factors such as temperature, whereas extrinsic factors include vasomotor neuronal effects and endocrine effects. Because sympathetic nerves increase the normal tone of arteries and arterioles above their intrinsic tone [17] , the sympathetic nervous system is particularly important in regulating these vessels. An average impulse frequency of 0.5 to 1 Hz in the resting state and a peak mean frequency of 8 to 10 Hz can maintain a normal sympathetic effect [17] . However, under stress, discharge of sympathetic nerve fibers at a frequency of 10 to 20 Hz maximizes arterial and arteriolar tone [18] .
Detection time and position had a significant effect on these variables, but finding from the pulse wave analysis were inconsistent. Detection time and position are the significant factors in pulses wave analysis.
Detection time did not affect SER or spectrum energy from 10 to 50 Hz (P 10-50 ) or from 13 to 50 Hz (P ). Spectrum energy was significantly affected by detection positions and the host-post analysis indicated that the left Guan (LB) position was the only position with a significant effect among six positions. The result may be explained by the information of traditional Chinese medicine in terms of the relation between position and human organs.
CONCLUSION
The spectral of sphygmogram at six diagnostic positions for six patients of hepatitis with B carriers were evaluated. The significant discrepancy of signals at right Guan position was found consistently for six samples. More experiments will be performed in further study.
We studied the characteristics of the radial artery at the right and left positions of Chun, Guan and Chy in TCM by using sphygmography. Spec-trum signals from the sphygmography could provide meaningful results as compared with pressure wave signals. We provide basic information on the effect of time and day measurement on spectrum signals.
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